simple assay for mutator strains, providing a unique opportunity to survey mutator activity in natural populations. One of the most surprising discoveries to come from these surveys is the finding that the factors responsible for MR activity are extremely common in nature, being found world-wide in up to 100% of the wild isofemale strains tested (2) .
In considering their potential impact upon the genetic structure of natural populations, a second important discovery was that the activity of mutators appears to be genetically suppressed within any particular population (4, 8) . Upon crossing a wild strain and a laboratory stock, however, suppression breaks down, resulting in the release of mutator activity and an explosive increase in genetic variation. This breakdown in suppression of mutator activity has been called hybrid release (4) .
The initial studies of MR The mutation rate of sex-linked visible loci was measured by a simple breeding program ( Fig. 1 ) similar to that used by Woodruff et al. (4) . Either males from a wild strain or hybrid males from a cross between two wild strains were mated to females carrying the attached-X chromosome denoted C(1 )DX, y f. The males produced by such a cross carry the X chromosome contributed by their father. These males can be scored visually for changes in bristle shape, eye and body color, wing or vein expression, and other morphological changes. All presumptive mutations are again mated to attached-X females and retested for expression or stability. Allelism is tested by crossing to phenotypically similar laboratory stocks or by mapping the new mutants. Thus, in a single generation one can measure the frequency of new sex-linked visible mutations and contrast the mutation rates estimated in a series of population samples and in their hybrids.
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RESULTS
Our primary hypothesis is that mutator activity can be induced or released from suppression by hybridization between individuals drawn from different natural populations. The present experiments extend the study done by Woodruff et al. (4) , in which mutation frequencies were compared before and after hybridization between individuals from a mutator or control strain and a laboratory assay stock. In this earlier study, males from a tested base population were mated to C(1 )DX, y f females. The mutant individuals appearing in the first generation represented mutations occurring during sperm development under the genetic and environmental conditions of the base population sample. The F1 male progeny differ from the parental male, however, in that they are now heterozygous for all autosomes as a result of the hybridization between the base population and the attached-X laboratory stock. Thus, a second cross to C(1 )DX, yf allows one to measure mutation frequencies in outcrossed or "hybridized" males. Approximately an order of magnitude increase in mutation frequency was found for visible loci after outcrossing. In a similar test of X-linked lethals, about a 3-fold increase was found.
The present experiment is conceptually similar to the earlier study, except that it makes the critical step of inducing hybridization by crossing males and females from geographically separated populations and comparing mutation frequencies in the hybrids with mutation frequencies measured in the original population samples. Because hybridization occurs through matings between individuals drawn from two different populations, the assay cross to C(1 )DX, y f is limited to a single generation ( Fig. 1 (2, 7, 8) . A reciprocal difference is also observed in the magnitude of mutation frequencies in crosses between populations (Table 2) . Of the MR strains in these three sets of crosses, OKi is by far the most potent mutator line. Not surprisingly, the frequency of mutation is higher when OKI is used as the male parent, which is consistent with the relationship described for other correlated MR events in crosses with laboratory lines (2) . The most significant point, however, is that mutator activity is induced in crosses of both directions; the difference is only in magnitude. The possible exception is the cross between OK1 females and M-4 males. Mutation frequencies are not significantly higher in the hybrids than in the M4 base population from Melbourne, in which mutation is high even before hybridization. An explanation for this might, however, be found in some peculiarity of the population sampled or in its culture or transportation. It is also worth emphasizing that any particular population sample may include individuals derived from hybridization between separate microgeographic races or between migrants and the base population. Until population structure is better understood, there will always be this ambiguity. As reported by others (11, 12) 
DISCUSSION
Given the large number of individuals typical of most species, even a low mutation rate insures that a large number of new variants will arise each generation. These new variants are insignificant, however, when compared to the existing reserves of genetic variation found in most species. Thus, simple assumptions about recombination and innate reserves of variation lead to the prediction that mutation per se would not make an important contribution to changes in rates of evolution. But simple assumptions are not necessarily the best reflection of natural situations. If mutation rates vary in time or in space, changes in mutation rate could have a significant influence upon local population structure. Thus, one important contribution of these MR mutator studies is the attention they attract to possible geographic variation in mutation rates in natural populations.
The results reported here confirm that mutation rate can vary significantly as a function of hybridization between individuals from geographically separated populations. But any attempt to generalize from these studies rests upon the demonstration that MR mutator factors are widespread. Happily, this requirement is well-satisfied by extensive surveys of Drosophila melanogaster world-wide (2), and similar phenomena have been reported from at least five other species of Drosophila including D. simulans and from various other organisms (2) .
Given the extensive distribution of mutator factors, the hypothesis of hybrid release (4) has a number of interesting implications and suggests many experiments. The suppression of mutator activity within each tested population is consistent with the expectation that mutation rates are, at least in part, under genetic influence and that rates have been minimized by natural selection. The suppression of mutation rates, like other quantitative traits, can be accomplished by a large variety of different modifier combinations. Indeed, numerous mechanisms could be involved, including cytoplasmic influences, as suggested by the reciprocal cross difference. Thus, the mode of suppression would often be expected to differ somewhat from population to population, depending upon the degree of separation between the gene pools. Hybridization between two populations that differ in the suppressor alleles they carry could, consequently, lead to a disruption of coadapted suppressor gene complexes. The result would be an explosive increase in genetic variation. Such periods of mutational drought and explosion have been documented for Drosophila (13, #).
Hybrid release of mutator activity would be effective only where the species is composed of reasonably distinct microgeographic populations. Effective population size is, in part, a function of the movement of individuals and of their mating activity. Limited dispersal or mating before dispersal tends to decrease effective population size and can result in microdifferentiated populations. Drosophila melanogaster appears to show both limited dispersal and early mating (14) and microdifferentiation of Drosophila populations has been reported (15) .
Dispersed food resources, particularly during the early part of the growth season for the population, could also result in temporary subdivision of the population. In Drosophila melanogaster, Wallace (14) has shown that dispersed food resources can attract migrants from long distances, and migrants appear to have a mating advantage. Thus, one might predict that the mutation rates in new colonies or on a fresh food resource early in the season might be higher than those in later, more established populations, due to the mixing of coadapted gene pools of migrants. In a comparable situation but on a different scale, hybrid zones of introgression between two species might be another situation in which increased mutation rates could be sought (cf. ref. 16 ). Indeed, mutator activity provides an alternative explanation for the often observed increase in phenotypic variation associated with some hybrid zones. The chromosome breakage that is correlated with mutator activity in at least some MR lines (8) might also come into play here by contributing to isolation between microgeographic races.
It is difficult to discuss mutator activity without sonle-consideration of possible mechanisms by which it could occur. The results described here show that heterozygosity at the mutating locus is not a necessary prerequisite, because the breeding program focuses upon X-linked loci in hemizygous males. The mutations, however, are commonly unstable like those reported by others (11, 12) . One of the most compelling hypotheses at the moment is that MR mutator factors are similar to the insertional sequences (IS elements) described in procaryotes (17) . Several families of dispersed, translocatable, repeated gene sequences are known to be polymorphic in strains of Drosophila nwlanogaster-e.g., copia, 412, 297, and other middle repeated gene families (18, 19) . The support for the comparison of MR with such sequences is mainly circumstantial, but includes the fact that insertional sequences can induce mutations by insertion within structural genes or between a structural and a control gene; insertional mutations are often unstable, presumably due to the excision of the element; small deletions, chromosome breakage, and rearrangements are produced by both; both show some site specificity, although insertional sequences at least can recognize many sites at low frequencies; and MR factors are translocatable among chromosomes (20) and may be transmissible by injection or other physical means (21) .
An interesting alternative hypothesis is that hybridization between MR lines may break down a coadapted complex involved in the regulation of normal nuclear division and stability. Tests of both hypotheses and further answers to the questions raised by this system can hardly help but clarify the complex relationships that interconnect mutation rate, variation, and evolution in natural populations.
